Purpose: To investigate the antimicrobial sensitivity pattern of commonly prescribed antimicrobials (chloramphenicol, cefixime, ofloxacin, azithromycin, and ceftriaxone) against Salmonella enterica isolates. Methods: Blood culture positive isolates of S. typhi and S. paratyphi A (N = 251) received at Metropolis Healthcare Limited (Mumbai, India) from four zones of India (North, South, West, and East) between April and August 2018 were tested for antimicrobial susceptibility by E-test method. Based on the minimum inhibitory concentration (MIC), the organism was categorized as sensitive, intermediate, and resistant against the respective antibiotics as per Clinical and Laboratory Standards Institute criteria 2018. Results: Out of 251 Salmonella isolates, 192 (76.5%) were S. typhi and 59 (23.5%) were S. paratyphi A. All 251 (100%) Salmonella isolates were sensitive to cefixime, ceftriaxone, and azithromycin; 237/251 (94.4%) isolates to chloramphenicol and only 9/251 (3.6%) isolates were sensitive to ofloxacin. Based on average MIC and MIC breakpoints, Salmonella isolates were found to be sensitive to chloramphenicol (MIC: 3.89±6.94 µg/mL), cefixime (MIC: 0.13±0.11 µg/mL), azithromycin (MIC: 3.32±2.19 µg/mL), and ceftriaxone (MIC: 0.11±0.18 µg/mL) and resistant to ofloxacin (MIC: 2.95±6.06 µg/mL). More than 20% of Salmonella isolates had MICs of chloramphenicol as 1.5 µg/mL (27.85% isolates) and 2 µg/mL (29.53% isolates). Conclusion: Our study confirms the re-emergence of susceptibility of Salmonella isolates to chloramphenicol. Further, the concern about fluoroquinolone-decreased susceptibility as indicated by the intermediate susceptibility or resistance was reiterated in this study. Though cefixime, azithromycin, and ceftriaxone showed susceptibility, the possibility of antibiotic resistance with the irrational use of these antibiotics cannot be deterred. This study thus emphasizes the need for continuous evaluation and judicious use of antimicrobials, considering the ever-changing landscape.
Introduction
Enteric fever, a systemic infection caused by Salmonella typhi (S. typhi) and Salmonella paratyphi (S. paratyphi), is a major persistent global health problem and is predominantly reported in the developing countries. 1 The most common risk factors are contaminated drinking water or food with faeces from either acutely infected persons, persistent excretors, or chronic asymptomatic carriers, poor sanitation, inadequate hygiene practices, and low socio-economic status. 2 About 22 million new cases of enteric fever with 200,000 mortality cases per year have been reported worldwide. 3 Enteric fever is the major public health problem in the Indian subcontinent as well. 4, 5 S. typhi and S. paratyphi A are the predominant organisms involved in enteric fever in India. 6 Prompt and effective antimicrobial therapy is the mainstay in the management of enteric fever to preclude the cases of morbidity and mortality. The illness may last for 3-4 weeks without therapy, and the case-fatality rates may be as high as 30%, but with appropriate treatment, clinical symptoms are subsided within a few days, fever recedes within 5 days, and mortality rates are reduced to <1%. 7 But the indiscriminate use and predominantly misuse of the antimicrobials have resulted in the emergence of multidrug-resistant strains.
Chloramphenicol was referred to as the gold standard of therapy since its introduction in 1948. 8 However, sporadic resistance to chloramphenicol was reported in Britain in 1950, probably due to its overuse. In May 1972, an outbreak of chloramphenicol-resistant S. typhi was reported in Kerala (India) where 54% of the isolates were found to be resistant to chloramphenicol in vitro. 9 In 1989, there was a rapid emergence and spread of multidrug-resistant S. typhi (resistant to ampicillin, chloramphenicol, and trimethoprim sulfamethoxazole) in several parts of India. 10 In 1990, multidrugresistant S. typhi isolates were reported from Mumbai and New Delhi. 11, 12 By the end of the 1990s, Salmonella enterica developed resistance simultaneously to all first-line drugs like chloramphenicol, cotrimoxazole, and ampicillin. 13, 14 In 1992, 40 out of 51 S. typhi isolates were multidrug-resistant, including chloramphenicol in Calcutta 15 followed by Bangalore in 1995, 16 Hubli in 1997, 14 and Hyderabad 14 and Karnataka in 1999. 17 In addition to India, chloramphenicol-resistant S. typhi isolates were reported from Vietnam, 18, 19 South Korea, 20 and Bangladesh. 21 Resistance to chloramphenicol may be attributed to the acquisition of drug resistance genes on plasmids, which encodes an enzyme that inactivates or modifies the drugs. One such example of chloramphenicol-resistant gene carried on plasmids is chloramphenicol acetyltransferase type 1, which codes for an enzyme that inactivates chloramphenicol via acetylation of 2 hydroxyl groups of chloramphenicol. 22 With the emergence of chloramphenicol-resistant Salmonella isolates, fluoroquinolones (eg: ciprofloxacin and ofloxacin) emerged as the drug of choice for the treatment of typhoid, owing to the oral mode of administration and costeffectiveness. 23, 24 But uncontrolled use of quinolones resulted in increased resistance against them, especially ciprofloxacin, which in turn may be due to sequential mutations in genes (gyr A, gyr B, and par C, par E) encoding DNA gyrase and topoisomerase IVor enhanced active efflux mechanisms. 8, 10, 25 Increased resistance to fluoroquinolone led to increased use of third-generation cephalosporins (eg: ceftriaxone, cefotaxime, cefixime) and azithromycin in South Asia. 26 However, discontinuation/reduction of chloramphenicol use and the use of other drugs for the treatment of enteric fever resulted in roll back to sensitivity against chloramphenicol. 27, 28 This re-emergence of chloramphenicol-sensitivity may be possibly due to loss of plasmids encoding resistance to chloramphenicol and other first-line drugs like ampicillin, co-trimoxazole or due to the emergence of susceptible isolates in the absence of drug pressure.
In this context of changing dynamics of resistance to antibiotics, it is imperative to have constant surveillance and antibiotic susceptibility data available to clinicians for appropriate management of the disease. The conventional method of antibiotic susceptibility testing by disc diffusion method is by far the commonest method of choice for the average laboratory for selection of appropriate antimicrobial drug. However, determination of minimum inhibitory concentration (MIC) of a suitable antibiotic either by broth dilution or E-test can be of a great help to estimate the proper therapeutic dose in drug-resistant situations. E-strip is a quantitative method for antimicrobial susceptibility testing and applies both the dilution of antibiotic and diffusion of antibiotic into the culture medium where a predefined stable antimicrobial gradient is present in a thin inert carrier strip. E-test method is considered as a fast, reliable, accurate, convenient, and a reproducible method with high specificity (33-96%), predictability (56-100%), and sensitivity (75-100%). 29 The current study was undertaken to evaluate the antimicrobial susceptibility (based on MIC breakpoints) of chloramphenicol vis-à-vis other anti-typhoid drugs (cefixime, ofloxacin, azithromycin, and ceftriaxone) against Salmonella (including S. typhi and S. paratyphi A) isolates by E-test method. The data from this study would help to assess/understand if the sensitivity to chloramphenicol is still maintained among S. typhi and S. paratyphi A isolates.
Materials And Methods Isolates
Two hundred and fifty-one isolates of S. typhi/S. paratyphi A obtained from clinically suspected cases of enteric fever 
Study Design
Four to five colonies of S. typhi/S. paratyphi A from 24hrs-old grown culture were picked with an inoculating needle and suspended in 2 mL of 0.9% normal saline to give an opacity equivalent to 0.5 McFarland. The turbidity of the suspension was measured by McFarland Densitometer (Densimat Densitometer, Biomérieux Biotechnology). The inoculum was further diluted 1:10 times to give an adjusted concentration of 107 colonyforming units/mL. Within 15 min of adjusting the turbidity of inoculum suspension, the Mueller Hinton agar plates were swabbed by the inoculum, and the lid of a plate was left open for 5 min to allow absorption of any excess moisture before application of the E-test strips (HiMedia Laboratories Pvt Ltd, Mumbai, India). With the help of a sterile forceps, the E-test strips of chloramphenicol, ofloxacin, cefixime, ceftriaxone, and azithromycin were gently placed onto the inoculated plate, and the plates were further incubated at 35-37°C for 18-24 hrs. Following incubation, a symmetrical inhibition ellipse was produced, and the MIC was determined from the intersection of the lower part of the ellipse-shaped zone of inhibition with the value indicated on the E-test strip. Depending upon the zone of symmetrical inhibition ellipse, Salmonella isolates were categorized into three different categories -Sensitive (S), Intermediate (I), and Resistant (R) ( Table 1 ). 30 
Study Outcomes
The primary outcome of interest was to compare the interpretive categories (S, I, and R) of Salmonella (including S. typhi and S. paratyphi A) isolates based on MIC breakpoints of chloramphenicol against other anti-typhoid drugs (cefixime, ofloxacin, azithromycin, and ceftriaxone). The secondary outcome was to evaluate the average MIC of all five anti-typhoid drugs against S. typhi and S. paratyphi A isolates.
Study Definitions
MIC: The MIC is the lowest concentration (in µg/mL) of an antibiotic that inhibits the growth of a given strain of bacteria. 31, 32 MIC Breakpoints: MIC breakpoint is defined as the MIC value, which is used to categorize the organism as S, I, and R.
Statistical Analyses
No formal sample size was calculated for this study.
Descriptive statistics were used to analyze the study results. The Z statistic was used to test the primary hypothesis, "the proportion of sensitive isolates is same in chloramphenicol versus other antityphoid drugs" against the alternative hypothesis "not equal proportions between chloramphenicol versus other antityphoid drugs". The statistical test was done at 5% level of significance. All the statistical analyses were performed using SAS software version 9.4.
Results
All 251 Salmonella (S. typhi: 192 [76.5%]; S. paratyphi A: 59 [23.5%]) isolates collected from different zones of the country 
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(north: 76; south and east: 50 each; west: 75) ( Figure 1 ) were tested for their susceptibility to five antibiotics.
Antimicrobial Susceptibility Testing
All (100%) Salmonella isolates were sensitive to cefixime, ceftriaxone, and azithromycin and 94.4% (237/251) of the isolates were significantly sensitive to chloramphenicol (p<0.0001; Z-test statistic). Significant reduced susceptibility to ofloxacin (3.6%; 09/251) was also observed ( Table 2 ). The antibiotic sensitivity of Salmonella isolates was further studied by species (typhi and paratyphi A) across different zones of the country. All S. typhi and S. paratyphi A isolates were susceptible to azithromycin, cefixime, and ceftriaxone; 89.47% to 95.24% of S. typhi isolates and 100% of S. paratyphi A were susceptible to chloramphenicol. None of S. paratyphi A isolates were sensitive to ofloxacin (Table 3 ). (Table 4 ). More than 20% of Salmonella isolates had MICs of chloramphenicol as 1.5 µg/mL (27.85% isolates) and 2 µg/mL (29.53% isolates) ( Figure 2 ).
Minimal Inhibitory Concentration

Discussion
Considering changing trends of antibiotic susceptibility of S.typhi and S.paratyphi across different geographical regions in India, it is necessary to have constant surveillance and frequent re-evaluation of chloramphenicol therapy in Salmonella infection before treatment initiation, to avert further emergence of resistance. 8 Hence, this study was undertaken to investigate the antimicrobial susceptibility pattern of chloramphenicol and other anti-typhoid drugs (cefixime, ofloxacin, azithromycin, and ceftriaxone) against Salmonella (including S. typhi and S.paratyphi) isolates obtained from four zones (north, south, west, and east) of India.
In the study, the proportion of S. typhi isolates was three times higher than S. paratyphi isolates (76.5% vs 23.5%) collected from blood samples throughout 4 months. Various studies had reported a higher prevalence of S. typhi over S. paratyphi isolates in blood samples collected from patients with enteric fever. In 2013, Choudhary et al reported 57.9% isolates of Salmonella to have serovar typhi and 41.6% to have serovar paratyphi A in blood isolates of Salmonella species obtained from a tertiary care hospital in south India between May 2009 and June 2011. 27 In another study, 64 Salmonella isolates were isolated from 840 blood samples of suspected enteric fever where 41 (64.1%) were S. typhi, and 23 (35.9%) were S.paratyphi isolates. 33 In another prospective hospital-based study, the ratio of S. typhi to S. paratyphi isolates (4:1) was found to be higher than that reported in our study. 5 In 2016, Ramesh et al also reported a higher proportion of S. typhi isolates than S. paratyphi (81% vs 19%) among 200 Salmonella isolates obtained from patient blood samples. 34 Other studies had also reported a higher prevalence of S. typhi against S. paratyphi with a ratio varying from 1.6:1 to 3.7:1. 7, 35, 36 However, few studies had also reported a higher prevalence of S. paratyphi over S. typhi isolates. [37] [38] [39] [40] Though there is no specific reason for serovar variation, S. typhi infection is mainly due to waterborne transmission, and S.paratyphi is due to foodborne transmission; with the former requiring smaller inoculum, and the latter requiring a larger inoculum. 41 In our study, the majority of S. typhi and S. paratyphi A isolates obtained across different zones of the country (94.4%) were sensitive to chloramphenicol (mean MIC: 3.89± 6.94 µg/mL). Our results support Pan India re-emergence of chloramphenicol sensitivity among Salmonella isolates. In 1999, Sood et al had reported chloramphenicol sensitivity among 71.9 (in 1994) to 91.6% (in 1998) isolates. 42 Bhattacharya and Das in 2000 isolated S. typhi strains from Orissa of which 87.46% were chloramphenicol sensitive. 43 Kumar et al in 2001 reported that there was an increase in chloramphenicol susceptibility from 43% (1995) to 93% (1999) among S. typhi strains in Ludhiana. 44 In 2002, Gautam et al reported the re-emergence of chloramphenicol sensitivity in 90% of S. typhi isolates from Haryana by MIC determination. 45 Rodrigues et al reported a decrease in the occurrence of chloramphenicol resistance in S.typhi strains (Mumbai) from 74% (1990) to 46% (2000). 46 Chloramphenicol sensitivity was observed in showed reduced susceptibility to ciprofloxacin but were sensitive to third-generation cephalosporins (ceftriaxone and cefotaxime). 10 In Punjab, S. typhi showed very high (93.2%) sensitivity to chloramphenicol. 25 In 2016, Ramesh et al in their study with 200 isolates of S. typhi (162 isolates) and S.paratyphi (38 isolates) obtained from patient's blood samples between Nov 2013-Nov 2014 across 18 different regions of India also reported the reemergence of the sensitivity of chloramphenicol. 34 This reemergence of sensitivity to chloramphenicol is of immense importance to the developing nations due to its cost-effectiveness and established clinical efficacy. 24 It has found to reduce mortality due to typhoid fever from 20% to 1% and the duration of fever from 14-28 days to 3-5 days. 48 In this study, out of 237 chloramphenicol-sensitive Salmonella isolates, 100% of S. paratyphi isolates and 89.47-95.24% of S. typhi isolates were susceptible to chloramphenicol. Our results were in agreement to the previous studies where 100% sensitivity to chloramphenicol was reported in S. paratyphi isolates and 96-97.4% sensitivity in S. typhi isolates. 8, 34, 49 The MIC of chloramphenicol-sensitive isolates ranged from 0.75 to 8 µg/mL where 95.77% of our isolates had the MIC between 1 and 4 µg/mL. The results were in concordance with the earlier reports where the minimum and maximum values of MIC ranged between 1 and 4 µg/mL. 45, 47, 49, 50 In addition to chloramphenicol, S. typhi and S. paratyphi A isolates also showed excellent (100%) sensitivity against third-generation cephalosporins (ceftriaxone, cefixime) and macrolides (azithromycin). Ceftriaxone and cefixime slowly penetrate and kill intracellular bacteria, by inhibition of cell wall synthesis, and treat typhoid in 3-14 days. [51] [52] [53] The resolution of symptoms is slow with fever clearance in 6-8 days, while azithromycin has a long half-life of 2 to 3 days, allowing once-daily administration. Azithromycin has an excellent penetration into most tissues with 50 to 100 times greater intracellular concentration than serum levels and has a slow release from the intracellular sites. It acts as an inhibitor of protein synthesis and results in a clinical cure rate of 90% with fever clearance time of 5-7 days in typhoid fever. [54] [55] [56] [57] Our results in terms of sensitivity to ceftriaxone, cefixime, and azithromycin were analogous to the previous literature where Salmonella isolates showed 100% sensitivity against ceftriaxone 27 and cefixime, 58 and 96.3-100% sensitivity to azithromycin. 58, 59 A battery of studies had also reported azithromycin to be similar or superior to chloramphenicol, fluoroquinolones, extended spectrum cephalosporins in the management of uncomplicated enteric fever with prompt resolution of clinical symptoms and poor relapse rate. [60] [61] [62] [63] [64] [65] [66] In another study, a higher percentage of S. typhi and S. paratyphi A isolates were susceptible to chloramphenicol and cefixime as compared to ofloxacin (96.91% and 98.76% versus 78.39%; 100% and 100% versus 89.48%, respectively). 34 Hence, oral cephalosporins and macrolides are considered as the firstline agents for empirical treatment of enteric fever cases in cases of decreased susceptibility to fluoroquinolones. 67, 68 However, few reports have also suggested resistance against azithromycin 27, 69, 70 and ceftriaxone [71] [72] [73] in S. typhi isolates. This may be due to production of drug-specific resistance genes, modification of target sites by enzymes (like methylases, esterases, phosphotransferases), or acquisition of an efflux pump in azithromycin-resistant cases 74 and production of beta lactamases (which inactivate cephalosporins by cleaving its beta lactam ring) in cephalosporin-resistant cases. Hence, the excessive use of these antibiotics should be limited so that their efficacy against Salmonella isolates is not jeopardized.
In 5, 8, 49 Hence, high resistance against ofloxacin, which was earlier the treatment of choice for enteric fever, is a significant concern and health authorities should take appropriate measures to limit the indiscriminate use of fluoroquinolones.
Our study has a few strengths and limitations. The strengths being that the blood samples were collected from different geographical regions, covering all zones (north, south, west, and east) of India, making it a Pan India in vitro study. Secondly, the use of the culture and antimicrobial susceptibility results not only serves as an evidence-based guide to the therapeutic decisions but also may be considered as a tool to determine prevalence as well the evolution of susceptibility or resistance patterns against Salmonella isolates. Thirdly, the antimicrobial susceptibility of multiple classes of antibiotics was tested by the E-test method, which is a sensitive method to determine MIC. The MIC pattern so obtained helps to make a correct choice of the dosing regimen and route of administration of the antimicrobial agents as well. The study limitations were that no in vivo clinical responses were studied, which limited the viability of in vitro antimicrobial susceptibility results since there may be a gap between in vitro susceptibility/resistance results and the clinical outcome due to variation in achieving the peak plasma concentration due to different routes of administration. 75 Hence, only an in vitro evaluation cannot be considered as robust evidence, but a judicious use with constant surveillance in clinical practice is necessarily recommended. Secondly, we did not record the medical history of illness/disease, previous medications or disease severity of the patients as these parameters may influence the current antimicrobial susceptibility profile of the organism. Thirdly, we did not genotypically characterize the organism by using any molecular typing tool; this would have helped us to determine the relatedness between the different Salmonella isolates.
Conclusion
Our study confirms the re-emergence of susceptibility of Salmonella strains to chloramphenicol. Further, the concern about fluoroquinolone-decreased susceptibility as indicated by the intermediate susceptibility or resistance was reiterated in this study. Though cefixime, azithromycin, and ceftriaxone showed susceptibility, the possibility of antibiotic resistance with the irrational use of these antibiotics cannot be deterred. This study thus emphasizes the need for continuous evaluation and judicious use of antimicrobials, considering the ever-changing landscape. Further prospective studies are warranted to correlate the clinical outcome of treatment based on in vitro antimicrobial susceptibility patterns of Salmonella isolates in typhoid cases.
